This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
7 June 2001 (07.06.2001) 




PCT 



(10) International Publication Number 

wo 01/40171 Al 



(51) International Patent Classification^: C07C 309/66. 
A61K 31/192, A61P5/48, 3/00 

(21) International Application Number: PCT/SEOO/02384 

(22) International Filing Date: 

29 November 2000 (29, 1 1 .2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
9904416-6 
0001187-4 



3 December 1999 (03. 1 2. 1999) SE 
3 April 2000 (03.04.2000) SE 



(71) Applicant (for all designated States except US): AS- 
TRAZENECA AB [SE/SE]; S-151 85 Sodertalje (SB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BOIJE, Maria 
[SE/SE]; AstraZeneca R&D MOhidal, S-431 83 Molndal 
(SE). HORVATH, Karol [SE/SE]; Fomhojdsvagen 56, 
S-152 58 Sodertalje (SE). INGHARDT, Tord [SE/SE]; 
AstraZeneca R&D Molndal, S-431 83 MOlndal (SE). 



(74) Agent: GLOBAL INTELLECTUAL PROPERTY; As- 

UaZeneca AB. S-151 85 Sodertalje (SE). 

(81) Designated States (national): AE. AG. AL, AM, AT, AU, 
A2, BA, BE, BG, BR, BY, BZ, CA, CH. CN, CR, CU, CZ, 
DE. DK, DM. DZ, EE, ES, H, GB, GD, GE. GH, GM, HR, 
HU. ID, IL, IN. IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR. 
LS, LT, LU, LV, MA, MD. MG, MK, MN, MW. MX, MZ, 
NO, NZ, PL, FT, RO. RU, SD, SE, SG. SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ. SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG. KZ, MD, RU. TJ, TM), European 
patent (AT. BE, CH. CY, DE. DK, ES, H, FR, GB, GR, IE. 
IT. LU, MC, NL, PT, SE, TR), OAPl patent (BP, BJ, CP, 
CG, CI. CM, GA. GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
^ing of each regular issue of the PCT Gazette. 



(54) Title: CRYSTALLINE FORM 
PHENYL] PROPANOIC ACID 



OF (S)-2 ETHOXY.3-[4-(2-{4-METHANESULFONYLOXYPHENYL) ETHOXY) 




OH 



(I) 



^ (57) Abstract: The present invention relates to a novel crystalline form of the compound (S)-2-ethoxy-3-[4-(2-{4-methanesulfony- 
^ loxyphenyl)ethoxy)phenyl] propanoic acid, shown by formula (I), or a pharmaceutically-acceptable salt thereof, and solvates thereof. 
The Invention also concerns methods of treating one or more metabolic disease conditions, particulariy those associated with Insulin 
Resistance Syndrome, and the use of a crystalline form of the compound, or a pharmaceutically-acceptable salt thereof, or a solvate 
thereof, in the manufacture of a medicament for use in one or more of said conditions. The invention further concerns pharmaceutical 
O compositions containing a crystalline form of the compound, or a pharmaceutically-acceptable salt thereof, or a solvate thereof, as 
^ active ingredient, as well as processes for the manufacture of a crystalline form of the compound, or a pharmaceutically-acceptable 
)^ salt thereof, or a solvate thereof. 
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Crystalline form of (S)-2-ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl} 
ethoxy)phenyl] propanoic acid 

The present invention relates to a crystalline form of the compound 
(S)-2-ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)phenyl] propanoic acid as 
5 shown in formula I below 



or a pharmaceutically-acceptable salt thereof, and solvates thereof. The invention also 
10 concerns methods of treating one or more metabolic disease conditions, particularly those 

associated with Insulin Resistance Syndrome, and the use of a crystalline form of the 

compoimd, or a pharmaceutically-acceptable salt thereof, or a solvate thereof, in the 

manufacture of a medicament for therapeutic use in one or more of said metabolic diseases. 
The invention further concerns pharmaceutical compositions containing a 
15 crystalline form of the compound, or a pharmaceutically-acceptable salt thereof, or a solvate 

thereof, as active ingredient, as well as processes for the manufacture of a crystalline fomi 

of the compound, or a pharmaceutically-acceptable salt thereof, or a solvate thereof. 

In the formulation of drug compositions, it is important for the drug substance 

to be in a form in which it can be conveniently handled and processed. This is of 
20 importance, not only from the point of view of obtaining a commercially viable 

manufacturing process, but also from the point of subsequent manufacture of 

pharmaceutical formulations comprising the active compoimd. 

Chemical stability, solid state stability, and shelf life of the active ingredients 

are also very important factors. The drug substance, and compositions containing it, should 
25 be capable of being effectively stored over appreciable periods of time, without exhibiting a 

significant change in the active component's physico-chemical characteristics (e.g. its 

chemical composition, density, hygroscopicity and solubility). 




Moreover, it is also important to be able to provide drug in a form which is as 
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chemically-pure as possible. 

Amorphous materials may present significant problems in this regard. For 
example, such materials are typically more difficult to handle and to formulate than 
crystalline material, provide for unreliable solubility, and are often found to be unstable and 
5 chemically impure. 

The skilled person will appreciate that, if a drug can be readily obtained in a 
stable crystalline form, the above problems may be solved. 

Thus, in the manufacture of commercially viable, and pharmaceutically 
acceptable, drug compositions, it is desirable, wherever possible, to provide drug in a 
10 substantially crystalline, and stable, form. 

It is to be noted, however, that this goal is not always achievable. Indeed, 
typically, it is not possible to predict, firom molecular structure alone, what the 
crystallisation behaviour of a compound will be, and this can usually only be determined 
empirically. 

15 The above compound is intended for therapeutic use in Insulin Resistance 

Syndrome (IRS), which refers to a cluster of manifestations including insulin resistance 
with accompanying hyperinsulinaemia, possible type 2 diabetes mellitus, arterial 
hypertension, central (visceral) obesity, dyslipidaemia observed as deranged lipoprotein 
levels typically characterised by elevated VLDL (very low density lipoproteins) and 

20 reduced HDL (high density lipoproteins) concentrations and reduced fibrinolysis. 

Recent epidemiological research has docimiented that individuals with insulin 
resistance run a greatly increased risk of cardiovascular morbidity and mortality, notably 
suffering fi*om myocardial infarction and stroke. In type 2 diabetes mellitus atherosclerosis 
related conditions cause up to 80% of all deaths. 

25 In clinical medicine there is awareness of the need to increase the insulin sensitivity 

in IRS suffering patients and thus to correct the dyslipidaemia which is considered to cause 
the accelerated progress of atherosclerosis. However, currently this, is not a universally well 
defined disease. 

The present invention relates to a crystalline solid form of the compound of 
30 fomiula L Significant advantages can arise when the compound of formula I can be 

isolated in a crystalline form, for example, in the manufacture of the compound to the purity 
levels and vmifomiity required for regulatory approval and for ease and uniformity of 
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We have isolated the compound of formula I as a crystalline solid. The 
particular crystalline form isolated exists in a form which is substantially or essentially free 
of solvent (hereinafter referred to as "the anhydrous form"). Alternatively a solvated form 
may be produced, for example, a hydrated form. 

We present as a feature of the invention a crystalline form of a compound of 
formula I, or a solvate thereof. In an alternative feature of the invention we present a 
crystalline forai of a pharmaceutically-acceptable salt of the compound of formula I, or a 
solvate thereof. 

By the use of the term "solvated" we also include hydrated. 
By the use of the term "a crystalline form" we mean each and everyone possible crystalline 
form of the compound of formula I, preferably an anhydrous form. 

A crystalline form of the compound of formula I can be defined by reference to 
its melting point, powder X-ray diffraction pattern and single-crystal X-ray data. 

The melting point of the crystalline form of the compound of formula I 
generally depends on the level of purity and may be determined by conventional procedures 
well known in the art, for example, by differential scanning calorimetry (DSC). Typically, 
the anhydrous form has a melting point which is in the range 82-92*^0, for example about 
85-89°C. 

The anhydrous form has an X-ray powder diffraction pattern containing 
specific peaks of high intensity at 6.2, 4.47 and 4.15 A. Additional specific peaks of lower 
relative intensity to the first peaks are at 4.69, 3.64, 3,60 and 3.45 A, 

A crystalline form of a compound of formula I may be obtained from a 
non-crystalline form of a compound of formula I, by crystallisation from a suitable solvent 
(including organic solvents, aqueous solutions and mixtures thereof), such as toluene and 
ethyl acetate, or a mixture of solvents, such as a mixture of ethanol/water, 
isopropanol/water or toluene/isooctane. To initiate crystallisation seeding with crystalline 
compound of formula I may be required. Crystallisation of the compound from an 
appropriate solvent system may be achieved by attaining supersaturation, for example, by 
cooling, by solvent evaporation and/or by the addition of an anti-solvent (a solvent in which 
the compound of formula I is poorly soluble, examples of suitable anti-solvents include 
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heptane or isooctane). Crystallisation temperatures and times will vary depending upon the 

concentration of the compound of formula I in solution, 

the solvent system used and the method of crystallisation adopted. 

A crystalline form of the compound of formula I may be isolated using 
5 techniques well known to those skilled in the art, for example, by decanting, filtration or 
centrifuging. Similarly the crystalline form may be dried in accordance with well known 
procedures. 

Optional recrystallisation step(s) may be performed using the same or different 
solvent systems to reduce further impurities, such as amorphous material, chemical 
10 impurities, or to convert the crystalline form into a solvated/hydrated form or an anhydrous 
form. 

Preferably crystallisation is carried out directly from the reaction solution. 
Alternatively crystallisation is performed from a subsequent solution. 

A further feature of the invention is a process for the production of a crystalline 
15 form of a compound of formula I which comprises crystallising the compound of formula I. 
By the use of the term 'the anhydrous form", we do not exclude the presence of 
some solvent, including water, within the crystal lattice structure. Solvent, including water, 
may also be present outside the crystal lattice structure. 

A feature of the invention is a crystalline form of a compound of formula I, as 
20 described above, for use in medical therapy. 

According to a further feature of the invention there is provided a pharmaceutical 
composition which comprises a crystalline form of a compoimd of formula I, as described 
above, in association with a pharmaceutically-acceptable diluent or carrier. The use of a 
crystalline form of a compound of formula I, as described above, in the preparation of a 
25 pharmaceutical composition by bringing into association a crystalline form of a compound 
of formula I with a pharmaceutically-acceptable diluent or carrier. 

The composition may be in a form suitable for oral use, for example a tablet, 
capsule, aqueous or oily solution, suspension or emulsion; for topical use, for example a 
cream, ointment, gel or aqueous or oily solution or suspension; for nasal use, for example 
30 a snuff, nasal spray or nasal drops; for vaginal or rectal use, for example a suppository; for 
administration by inhalation, for example as a finely divided powder such as a dry powder, 
a microcrystalline form or a liquid aerosol; for sub-lingual or buccal use, for example a 
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lablet or capsule; or for parenteral use (including intravenous, subcutaneous, 
intramuscular, intravascular or infusion), for example a sterile aqueous or oily solution or 
suspension. 

In general the above compositions may be prepared in a conventional marmer 
5 using conventional excipients. 

The amount of the crystalline form of . a compound.of formula I, as described 
above, that is combined with one or more excipients to produce a single dosage form will 
necessarily vary depending upon the host treated and the particular route of administration. 
For example, a formulation intended for oral administration to humans will 
10 generally contain, for example, from 0.001 mg to 50 mg of active agent mixed with an 
appropriate and convenient amount of excipient(s) which may vary from about 10 to about 
99.9999 percent by weight of the total composition. 

The invention also includes the use of the crystalline compound of the invention, 
as described above in the production of a medicament for use in: 
15 (i) treating dyslipidaemia; 

(ii) treating type 2 diabetes mellitus; . 

(iii) treating hyperglycaemia; 

(iv) treating hyperinsulinaemia; 

(v) treating hyperlipidaemia; 

20 (vi) treating arterial hypertension; and/or 

(vii) treating abdominal obesity. 

The invention also includes a method of producing an effect as defined 
hereinbefore or treating a disease or disorder as defined hereinbefore which comprises 
administering to a warm-blooded animal, preferably a himian, requiring such treatment an 

25 effective amount of a crystalline form of a compound of formula I, as described above. 

The size of the dose for therapeutic or prophylactic purposes of a crystalline form of 
a compound of formula I will naturally vary according to the nature and severity of the 
medical condition, the age and sex of the animal or patient being treated and the route of 
administration, according to well known principles of medicine. 

30 Suitable daily doses of the compounds of the invention in the therapeutic treatment 

of humans are about 0.001-50 mg/kg body weight, preferably 0.01-10 mg/kg body weight. 
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A crystalline form of the compound of formula I may be administered as a sole 
therapy or it may be administered in conjunction with other pharmacologically active 
agents such as a anti-diabetic, anti-hypertensive, diuretic or anti-hyperlipidaemic agent. 
Crystalline forms prepared in accordance with the Example(s) below showed 
5 essentially the same powder X-ray diffraction patterns and/or DSC thermograms. It was 
clear when comparing the relevant pattems/thermograms (allowing for experimental error) 
that the same crystalline form had been formed. DSC onset temperatures may vary in the 
range ±5°C (for example ±2°C), and powder X-ray diffraction pattern distance values may 
vary in the range ±5 on the last decimal place. 
10 Abbreviations 

EtO Ac = ethyl acetate 

HPLC = high-pressure liquid chromatography 
i-PrOAc = isopropyl acetate 
NMP = N-methyl-2-pyrrolidinone 
15 THF = tetrahydrofuran 

Synthesis of rSV2-ethoxy"3-r4*f2-{4-methanesulfonyloyyphenyl}ethoxy^phenyll 
propanoic ^cid 

1^ Kthvl r.y^-2-eth oyv-3-f4-hvdroxvpheDvn propanoate 
a) Preparation of ethyl 2-ethoxyethanoate 

20 A solution of 2-chloroacetic acid (50 g, 529 mmol, 1.0 eq) in absolute ethanol (110 

ml, 2.2 vol. (where vol. Hereinafter means volume equivalent) was charged to an ethanol 
solution of sodium ethoxide (494 ml, 90 g, 1.32 mol, 2.5 vol.). The temperature during the 
charging was kept at 15-25^C. When the charging was completed the temperature was 
raised to 50°C. The reaction mixture was cooled to 15°C when >95% conversion was 

25 achieved. HCl (g) was then charged until the pH of the mixture was < 1 . When the 

conversion was >95% the slurry was cooled to 15°C and neutralised to pH 5-7 with sodium 
ethoxide solution (approximately 5-20% of the initially charged amount). After 
neutralisation the slurry was cooled to 5°C and ethyl acetate (150 ml, 3 vol.) was charged. 
The sodium chloride formed in the reaction was then filtered off and washed with ethyl 

30 acetate. The solution was then evaporated. Maximum remaining ethanol was 20 w/w % 
The overall yield of the subtitle compound was 58% of the theoretical value (loss 
was in evaporation). The chemical purity was >99%. 
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b) Preparation of ethyl 2-ethoxy-3-(4-methoxyphenyl) propenoate 
5 4-Methoxyben2aldehyde (1 00 g, 734 mmol, 1 .0 eq.) and ethyl 2-exthoxyethanoate 

(1 16 g, 881 mmol, 1.2 eq.) was dissolved in THF (600 ml, 6 vol.) under an atmosphere of 
nitrogen. The solution was cooled to -20°G. To the resulting solution, a solution of 
potassium /err-butoxide (98.8 g* 880 mmol, 1.2 eq) in THF (704 ml, 7.1 vol. corresponding 
to potassium r^r/-butoxide) was slowly charged while maintaining the temperature < -lO^'C. 
10 After the charging was completed, the reaction mixture was stirred for 1 hour at a 
temperature of 

-15^C to -lO^C. To the slurry, was then charged with glacial acetic acid (53 g, 1.24 mol, 1.7 
eq.) maintaining the temperature at < +5^*0. The THF was then evaporated imtil about 1/3 
remained. Toluene (824 ml, 8.24 vol.) was added and the rest of the THF evaporated. Water 

15 (200 ml, 2 vol.) and methanesulfonic acid (50 ml, 0.5 vol.) were added to the toluene slurry 
to give a pH in the water layer of 2-3. The water layer was separated off. The toluene layer 
was then evaporated to remove the remaining water. To the toluene solution was added 
methanesulfonic acid (2.1 1 g, 22 nmiol, 0.03 eq). The toluene solution was refluxed with a 
Dean-Starke device connected until full conversion was achieved. The solution was cooled 

20 to 25*^0. The solution was then washed v^th sodiimi hydroxide (aq., 48%) (1 .83 g, 22 
mmol, 0.03 eq.) diluted in water (15 ml). 

The overall yield of the subtitle compound was approximately 52% of the 
theoretical value. 

c) Preparation of 2-ethoxy-3-(4-methoxyphenyl) propenoic acid 

25 NaOH (aq., 48%) (122 g, 1 .46 mol, 2.0 eq.), water (244 ml, 2.44 vol.) and EtOH (90 

ml, 0.9 vol.) were charged to the toluene solution of ethyl 2-ethoxy-3-(4-methoxyphenyl) 
propenoate (approximately 96 g, 382 mmol, 0.52 eq.). The reaction mixture was heated to 
50°C and stirred until full conversion was achieved. After the reaction was complete, the 
toluene layer was separated off and the water layer was then washed with toluene (100 ml, 

30 1 vol.). After separation, the water layer was cooled to +5°C and acidified with cone. HCl 
(approximately 173 ml, 2.1 mol, 2,9 eq.). The temperature was kept < 10°C during the 
charging of the acid. EtOAc (100 ml, 1 vol.) was added to the acidic water slurry. After 
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extraction the phases were separated. The EtOAc solution was evaporated and toluene (288 
ml, 3 voL) was added. 

The toluene solution was seeded with 2-ethoxy-3-(4-methoxyphenyl) propenoic acid 
5 and cooled to 0^*0. After crystallisation the material was filtered. The wet substance was 
used without drying in the subsequent step. 

The overall yield of the subtitle compound was 42% of the theoretical value for step 
b) and c) together. The chemical purity was 99.7 %. 
d) Preparation of 2-ethoxy-3-(4-methoxyphenyl) propanoic acid 

10 Palladium on charcoal (5%, 60% water wet) (13.2 g, 0.26 g Pd, 2.44 mmol Pd, 

0,0054 eq.) was charged to a solution of 2-ethoxy-3-(4-methoxyphenyl) propenoic acid 
(100 g, 450 mmol, 1.0 eq.) in ethanol (800 ml, 8 vol.) imder a nitrogen atmosphere. The 
vessel was then pressurised with hydrogen to 4 bar total pressure. The hydrogenation was 
continued until full conversion was achieved. The catalyst was filtered off and the ethanol 

15 was evaporated under vacuimi. Toluene (500 ml, 5 vol.) was added and then evaporated off. 
The residue was dissolved in toluene (500 ml, 5 vol.) and evaporated to a voltime of 260 
ml. The solution was heated to SO^'C and isooctane (800 ml, 8 vol.) was added. The solution 
was cooled to 35*^0 and then seeded with 2-ethoxy-3-(4-methoxyphenyl) propanoic acid. 
The temperature was maintained at 35°C for 30 min. The thin slurry was then cooled at a 

20 rate of 10°C/hour down to +5*^0 which was maintained overnight. The crystals were then 
filtered off and washed with isooctane (220 ml, 2.2 vol.) The crystals were dried under 
vacuum at 30**C. 

The yield of the subtitle compound was 88% of the theoretical value. The chemical 
purity was 99.8 %. 

25 e) Preparation of ( 1 *S)- 1 -( 1 -naphthyl)- 1 -ethanaminiiun (25)-2-ethoxy-3 -(4-methoxyphenyl) 
propanoate 

A solution of 2-ethoxy-3-(4-methoxyphenyl) propionic acid (100 g, 446 mmol, 1,0 
eq.) in i-PrOAc (2000 ml, 20 vol.) was stirred at 0-5°C under a nitrogen atmosphere. (S)-l- 
(1-naphthyl) ethylamine (45.8 g, 268 mmol, 0.6 eq.) was added to the resulting solution. 
30 The resulting suspension was heated to 75-80®C to dissolve all particles, thereby achieving 
a solution. The solution was then cooled and seeded with (25)-2-ethoxy-3-(4- 
methoxyphenyl) propanoic acid (5)- 1-(1 -naphthyl) ethylamine salt. The desired 
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diastereomeric sail was collected by filtration. The crystals were washed with i-PrOAc. 



The (2iS)-2-ethoxy-3-(4-methoxyphenyl) propanoic acid (15)-l-(l-naphthyl) 
5 ethylamine salt obtained (67 g, 169 mmol, 1.0 eq.) was dissolved by heating to 75-80^0 in 
i-PrOAc (1340 ml, 20 vol.). The product obtained was collected by filtration, washed with 
i-PrOAc and dried under vacuum, at 40*'C, to a constant weight. 

The overall yield over the two crystallisation steps was 74% of the theoretical value. 
The chemical purity was > 99%. The enantiomeric excess (e.e,) was 97.8%. 

10 f) Preparation of (5)-2-ethoxy-3-(4-hydroxyphenyl) propanoic acid 

(2iS)-2-Ethoxy-3-(4-methoxyphenyl) propanoic acid (l*S)-l-(l-naphthyl) ethylamine 
salt (lOOg, 253 mmol, 1.0 eq.) was suspended in toluene. The mixture was then treated with 
NaOH (11.1 g, 278 mmol, 1.1 eq.) in water (280 ml, 5 vol.). The upper toluene layer 
containing the chiral amine was separated. The lower aq. layer was washed with two more 

15 portions of toluene (280 ml, 5 vol.). The lower aq. layer was acidified to pH - 1 with aq. 
37% HCl (30 g, 304 mmol, 1.2 eq.). The water solution containing (S)-2-ethoxy-3-(4- 
methoxyphenyl) propanoic acid was extracted with two portions of EtOAc (280 ml, 5 vol.). 
The combined EtOAc extract was washed with one portion of water (280 ml, 5 vol.). The 
solvent was replaced with NMP under reduced pressure. 

20 NaOH (beads) (45.5 g, 1.14 mol, 4.5 eq.) and octanethiol (129 g, 154 ml, 884 mmol, 

3.5 eq.) were charged to the solution of (S)-2-ethoxy-3-(4-methoxyphenyl) propanoic acid 
(approximately 56.6 g, 253 mmol, 1.0 eq.) inhTMP (680 ml, 12 vol.) under a nitrogen 
atmosphere. The reaction mixture was heated to 120°C and kept at 1 15-125**C until the 
reaction was complete as determined by HPLC. 

25 The reaction mixture was cooled to eO^^C and then quenched with water. The pH 

was then adjusted to 2-3 with cone. HCI. The temperature was maintained at 60-70**C. Two 
layers were formed, the upper layer of which containing mainly octanethiol and the 
corresponding methyl ether (formed in the reaction). The layers were separated and the 
layer containing water and NMP was concentrated to 3-4 volumes under vacuum at 80-100 

30 °C inner temperature. 

The residue was extracted with a mixture of H20:EtOAc. The EtOAc solution was 
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The EtO Ac was evaporated and the residue was directly used in the subsequent step 
or could also be cr>'stallised from toluene to yield a white solid. 

The yield was 52% using crystallisation, 90% using only evaporation. The chemical 
5 purity was 99.8%. The enantiomeric excess (e.e.) was 97.8%). 

g) Preparation of ethyl (5)-2.ethoxy-3-(4.hydroxyphenyl) prppanoate 

(5)-2-Ethoxy-3-(4-hydroxyphenyl) propanoic acid (874 g, 4.16 mol, 1.0 eq.) was 
dissolved in EtOAc (1250 ml). To this solution were charged ethanol (3000 ml) and HCl 
(37%), aq.) (40 ml, 0-48 mol, 0.12 eq.). The solution w^ heated to boiling (about 72°C) and 
10 water/EtOAc/EtOH (2000 ml) was distilled off. Another portion of EtOH (2000 ml) was 
charged and another 2000 ml was distilled off. This procedure was repeated once more. At 
this point approximately 95%o conversion was reached. Then EtOH (99,5%», 1000 ml) was 
added and evaporated off. This was repeated until a conversion of > 97.5%) was achieved. 
The solution was then concentrated to a volume of 1700-2000 ml under vacuum and then 
15 cooled to 20'*C. 

The EtO Ac solution containing ethyl (S>2-ethoxy-3-(4-hydroxyphenyl) propanoate 
was then charged slowly (30-40 min) imder vigorous stirring to a solution of NaHC03 (7%o 
w/w. 3500 ml). Crystallisation occurred after a few minutes. After charging, the slurry was 
cooled to 0-5°C and then stirred at 0-5°C for at least one hour. The crystals were then 
20 filtered off and dried under vacuum. 

The yield was about 93%. The chemical purity was > 99%. The enantiomeric excess 
(e.e.) was > 97.8 %. 

2^ 2-f4-fMe th«"'^s"'fo"v'Q^pfagPV*^^*hv^'"gthanesulfonate 

2-(4-Hydroxyphenyl)ethanol (356 g, 2.58 mol, 1.0 eq) was dissolved in methylene 

25 chloride (3500 ml) and triethyl amine (653 g, 6.44 mol, 2.5 eq). The mixture was cooled to 
-20°C, Methanesulfonyl chloride (657 g, 5.74 mol, 2.2 eq) was then added keeping the 
temperature between -25°C and -15**C. When the conversion was >95%>, the salt formed 
during the reaction was filtered off and washed with methylene chloride (600 ml). The 
organic layer was washed first with saturated sodiimi hydrogencarbonatc solution (700 ml) 

30 at 20°C followed by water (700 ml). The methylene chloride was evaporated and replaced 
by acetonitrile. The acetonitrile solution was then used in the subsequent step. 
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^) F^^ iYl fSV2-ethQxv--3-f4-(2 >|4-rnethanesulfonvloYvphenvnethoxv)phenvnproDanoatp 

Ethyl (iS)-2-ethoxy-3-(4-hydroxypheiiyl) propanoate(325 g, 1.34 mol, 1,0 eq) was 
dissolved in acetonitrile (2600 ml). When a homogenous solution was formed, potassium 
carbonate (560 g, 4.05 mol, 3.0 eq) and magnesium sulfate (1 10 g, (0.2 g/g K.CO^)) was 
5 added. The acetonitrile solution of 2-(4-(methanesuIfonyloxyphenyl)ethylmethanesulfonate 
(total volume ca: 2050 ml (0,3 g/ml, 2.21 mol, 1.65 eq)) was. charged to the reaction vessel 
and the mixture allowed to react at reflux, 82°C for 24 hours with vigorous stirring, keeping 
the volume constant by portion-wise addition of acetonitrile. When a conversion >98% was 
reached the reaction was cooled to room temperature. The remaining salts were filtered off 
10 and washed with acetonitrile (800 ml). The filtrate was evaporated to dryness. The residue 
was then used in the subsequent step. 

4) fSV2-Eth nyv-3-f4-r2-(4-methaD€SulfoDvloyvphenvl}ethoxy^phen vn propanoic acj^ 

To the oil of ethyl (S)-2-ethoxy-3-[4-(2- {4- 
methanesulfonyloxyphenyl}ethoxy)phenyl]propanoate (723 g (71.2% assay), 1.18 mol, 1.0 
15 eq) was added THF (3900 ml). When a homogenous solution was formed, water (900 ml) 
was added. The mixture was cooled to +10°C. Lithium hydroxide solution (390 ml, 4 M, 
1.32 eq) was added over 1 hour. The temperature was then raised to +30''C and the reaction 
allowed to proceed at this temperature for 2-3 hours. The reaction was stopped when the 
conversion was >99%. EtOAc (500 ml) was added and the mixture cooled to room 
20 temperature. The solution was stirred for about 30 minutes and the THF was evaporated off. 
When about 80-90% of the THF was evaporated, water (1900 ml) was added. The 
evaporation was continued until no THF remained in the mixture. The alkaline water 
solution was then washed with EtOAc (1000 ml, 2 x 1250 ml, and 950 ml). The pH of the 
water solution of (S)-2-ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)phenyl] 
25 propanoic acid was then adjusted to 2.0-2,5 with HCl (aq) (550 ml, 3.0 M). EtOAc (2500 
ml) was added and the phases separated. The ethyl acetate solution of (S)-2-ethoxy-3-[4.(2- 
{4-methanesulfonyloxyphenyl} ethoxy)phenyI] propanoic acid was then washed with water 
(700 ml) and after separation evaporated to dryness. The remaining oil was then used in the 
following crystallisation. 

30 
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Crystalligatjon of r SV2-ethoxv-3-f4-f2-{4-niethane5;iilfnnvlQxvphenvltethoyvV hPTpy^] 
propanoic acid 

The crude material from 3 batches of (S)-2-ethoxy-3-[4-(2-{4- 
5 methanesulfonyloxyphenyl}ethoxy)phenyl] propanoic acid (1871 g total weight, 

1262 g compound, 3.09 mol, 1.0 eq) containing EtOAc (500 ml) was dissolved in 
toluene (5000 ml) at 50'*C. When a clear solution was achieved the solution was evaporated 
to decrease the amount of EtOAc present. . The volume before evaporation was 6750 ml. 
Another portion of toluene (2500 ml) was added, volume after addition was 7750 ml, and 

10 evaporation was continued. A third portion of toluene (2500 ml) was then added to the 
solution, the volume before the addition was 6300 ml, the volume after the addition was 
8800 ml. The evaporation was continued imtil an opaque solution was formed, volume 
8200 ml. Isooctane (1000 ml) was added to the solution which had been heated to 40''C. 
The crystallisation was initiated by seeding at 40''C. The mixture was vigorously stirred 

15 until a slurry was formed. The agitation rate was then decreased. The slxorry was left 

crystallising oyer night. The slurry was then filtered and washed with toluenerisooctane 5:1 
(1800 ml). The crystals were then dried under reduced pressure at 40°C. 
Recrvstallisation of fSV2-ethoxv-3-f4-f2-(4-methanesiil fonvloxvphenvnethoxv^p }ienvl^ 
prppapQic ^<?id 

20 (S)-2-Ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)phenyl] propanoic acid 

(1040 g (96.4% assay), 2.45 mol, 1.0 eq) was dissolved m toluene (7000 ml) at a 
temperature of 60°C, When a clear solution was achieved isooctane (1720 ml) was added to 
the solution. The solution was then filtered through Silica 60 gel. The solution was then 
cooled fi-om 50°C to 45°C, at this temperature crystallisation occiured. The slurry was 

25 cooled to 20*'C. The solid was then filtered and washed with toluenerisooctane 5:1(1500 
ml). The crystals were dried under reduced pressure at 40°C. 
Melting Pni>t Determination 

Differential scanning calorimetiy (DSC) was performed using a Mettler DSC820 
instrument, according to standard methods, for example those described in: Hohne, G. W, et 

30 al (1996), Differential Scanning Calorimetry, Springer, Berlin. 

DSC of the anhydrous form showed an endotherm with an extrapolated onset temperature 
ofca87*'C {ca 102 J/g) 
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y, pnv f nwder Diffraction P attern Determination 

The X-ray powder diffractograms (XRPD) were determined using a Siemens 
D5000 X-ray diffractometer and/or a Philips X'Pert MPD X-ray diffractometer. XRPD was 
5 performed on samples prepared according to standard methods, for example those described 
in: Giacovazzo, C. et al (1995), Fundamentals of Crystallography ^ Oxford University 
Press; Jenkins, R. and Snyder, R. L. (1996), Introduction toX-Ray Powder Diffractometry, 
John Wiley and Sons, New York; Bunn, C. W. (1948), Chemical Crystallography, 
Clarendon Press, London; or Klug, H. P. and Alexander, L. E. (1974), X-Ray Diffraction 
10 Procet/wr^^, John Wiley and Sons, New York. 

X-ray powder diffractograms of a typical sample of an anhydrous crystalline 
form of a compound of formula I is shown in Figure 1. 

The crystals of an anhydrous form were analysed by XRPD and the results 
tabulated below in Table 1 (in which RI represents relative intensity), and shown in Figure 
15 1. The diffractogram was measured with variable slits and without internal standard. The 
intensities are based on the intensities observed in a variable slit measurement without 
background subtraction. The relative intensities are less reliable, and instead of numerical 
values, the following definitions are used: 
% Relative Intensity Definition 
20 25-100 vs (very strong) 

10-25 s (strong) 

3-10 m (medium) 

1-3 w(weak) 
Some additional weak or very weak peaks found in the diffractogram have been omitted 
25 from Table 1. 
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Table 1. X-ray powder diffraction data for an anhydrous form of a crystalline form of a 
compound of formula I, shown in Figure 1. 
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It will be iinderstood that the d- values of the X-ray powder diffraction patterns 



5 slightly from one instrument to another and so the values quoted are not to be construed as 
absolute. It is reasonable to assume that a crystalline fomi of a compound of formula I is 
that which is described herein if the d-values are within ± 5 on the last decimal place, 
especially if within ± 2 on the last decimal place. 
.Single rry^tfll X-Rav DifTraction Pattern Determination 

10 A unit cell was determined from single crystal X-ray data of the anhydrous 

fomi. It was orthorhombic with P2,2,2i symmetry, Z = 4, and the following dimensions: a 
= 5.762 A, - 14.426 A, c = 24.785 A. Qr= ^= 90 and F= 2060.2 A\ 
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I A crystalline form of the compound 

5 (S)-2-ethoxy-3-[4.(2- {A-methanesulfonyloxyphenyl} ethoxy)phenyl] propanoic acid, shown in 

formula I below, 




10 

or a pharmaceutically-acceptable salt thereof, or a solvate thereof 

2. A crystalline form as claimed in claim 1 which is substantially or essentially free 
of solvent, 

3. A crystalline form as claimed in claim 2 characterised in that it has a melting 
15 point of between 82 and 92°C. 

4. A crystalline form as claimed in claim 2 characterised in that it has a X-ray 
powder diffraction pattern containing specific peaks of high intensity at 6.2, 4.47 and 4.1 5 A. 

5. A crystalline form as claimed in claim 4 characterised in that it has a X-ray 
powder diffraction pattern having additional specific peaks of lower relative intensity to the 

20 firstpeaksat4.69, 3.64, 3.60 and 3.45 A. 

6. A crystalline form of a compoxmd of formula I as claimed in any claim from 1 to 5 for 
use as a medicament. 

7. A pharmaceutical formulation comprising a crystalline form of a compound of formula 
I, as defined in any claim from 1 to 5, and a pharmaceutically acceptable adjuvant, diluent or 

25 carrier. 

8. Use of a crystalline form of a compound of foraiula I, as defined in any claim from 1 
to 5, in the preparation of a medicament for the treatment or prophylaxis of conditions 
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9 The use of a substance as defined in any claim from 1 to 5 in the production of a 

medicament for use in treating metabolic disorders. 

10. A method for treatment or prophylaxis of conditions associated with reduced 

5 sensitivity to insulin, which method comprises administering a therapeutically effective 

amount of a compound according to any one of claims 1 to 5 to a patient having such reduced 
sensitivity to insulin. 

11. A method for treatment or prophylaxis of dyslipidaemia, type 2 diabetes mellitus, 
hyperglycaemia, hyperinsulinaeraia, arterial hypertension and/or abdominal obesity, which 

10 method comprises administering a therapeutically effective amount of a compound according 
to any one of claims 1 to 5 to a patient in need of such treatment or prophylaxis. 

12. A process for the preparation of a crystalline form of a compoxmd of formula I which 
comprises crystallising a compound of formula I. 



1 



INTERNATIONAL SEARCH REPORT 



Internalional application No. 
PCT/SE 00/02384 



A. CLASSIFICATION OF SUBJECT MATTER 



Tor?. rn7C 309/66 A61K 31/192, A61P 5/48, A61P 3/00 

JcSng P^Hlr^rnS;. Pa?enrciiss.r.Iat4 (iph or to both na-.ional classifcation and IPC 



Accordin 
8. FIELDS SEARCHED 



Min.ir.u.Ti documentation searched (cl^ssificatio- systeri followed by classificaiior. symbols) 

IPC7: C07C. A61K 



Docun:enu..tior. searched other than minimum doconer,:al.on to the extent thai such documents are included in the fields searched 

SE.DK.FI.NO classes as above ^ 



tlec 



ironic data base consulted during the intema-jonal search (nan-.e of data base and. where practicable, search lerms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



P,A 



P.A 



Citation of document, with indication, where appropriate, of the relevant passages 



WO 9962872 Al (ASTRA AKTIEBOLAG), 9 December 1999 
(09.12.99), page 20, line 25 - page 32, line 17, 
the claims 



WO 9962871 Al (ASTRA AKTIEBOLAG), 9 December 1999 
(09.12.99), claims 1. 32,33 



Relevant to claim No. 



1,2,6-12 



3-5 



1-12 



[ I Further documents are listed in the continuation of Box C. [ )(| See patent family annex. 



• Special caiegonex of cited documcnLs: 

'A' documen: defining Ihc general slate of ihc art which is not conadered 

10 be of paTQcular relevance 
"E" earlier applicauon or patent but published on or after the inicmatjonal 

::!ing dale 

-L' document xvhich may throw doubts on priority c!23m(s) or which is 
ated 10 establish the publicauon date of another citation or other 
spcciai reason (as spcaficd) 

"O" document referring to an oral disclosure, u.sc, exhibition or other 
means 

"P" document published pnor to the international filing dale but later than 
the prioniy date claimed 



"T* ' later document publidied after the international filing da;e or pnoniy 
date and not m conflict with the application but cited xo understand 
the principle or theory underlying the invcnQon 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be consdered to invcrivc an inventive 
step when the document is taken alone 

*Y* document of particuJar relevance: the claimed invention cannot be 
conadcrcd to involve an inventive step when the document ix 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Dale of the actual completion of ihe international search 



12 March 2001 



Date of mailing of the international search report 



1 5 -03- 2001 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/SEOO/02384 



Box I 



Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This 



is international search report has not been established in respect of certain claims under Article 17(2Xa> for the following reasons: 



1. Claims Nos.: 10 , 11 

because they relate to subject matter not required to be searched by this Authonty, namely: 



see 



next sheet: 



2. I I Claims Nos.: . - ^ . -l j * 

— because they relate to parts of the international application thai do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. j I Claims Nos.: 

— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1. As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 

of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search report 

covers only those claims for which fees were paid, specifically claims Nos,: 



No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/SEOO/02384 



Claxas 10, 11 relate to methods of treatment of the himan or animal 
body by surgery or by therapy/ diagnostic methods practised on the 
h^n or animal body/Rule 39.1. (iv). Nevertheless, a search has 
been executed for these claims. The search has been based on the 
alleged effects of the con^sounds/compositions . 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 25/02/01 



Inlemalional application No. 

PCT/SE 00/02384 



Patent documeni 
cited in search report 



vio 



Publication 
date 



Patent family 
member(s) 



9962872 Al 09/12/99 



AU 
AU 
AU 
NO 
NO 
SE 
WO 



1182399 A 
4667199 A 
4667299 A 

20006115 D 

20006116 D 
9801992 D 
9962871 A 



Publicauon 
date 



31/05/99 
20/12/99 
20/12/99 
00/00/00 
00/00/00 
00/00/00 
09/12/99 



WO 9962871 Al 09/12/99 


AU 
AU 


1182299 A 
4667099 A 


31/05/99 
20/12/99 




AU 


4667299 A 


20/12/99 




BR 


9813192 A 


29/08/00 




EP 


1029424 A 


23/08/00 




NO 


20006114 D 


00/00/00 




NO 


20006116 D 


00/00/00 




SE 


9801990 D 


00/00/00 




WO 


9962870 A 


09/12/99 




AU 


1058399 A 


24/05/99 




EP 


1027769 A 


16/08/00 




SE 


9801991 D 


00/00/00 




AU 


1182399 A 


31/05/99 




AU 


4667199 A 


20/12/99 




NO 


20006115 D 


00/00/00 




SE 


9801992 D 


00/00/00 




WO 


9962872 A 


09/12/99 



WO200140171-A1 



Astra2Leneca AB 



cfoiHtiPl /4.r2.(4.tert-butoxycarbonylaminophenyl)ethoxy]phenyl>(S)-2-ettioxy 
^7oX^c'^ J^ for the treatment of e.g. metabolic disorders, insulin resistance 
ryn~ dyslipidaemia, hyperglycaemia and arterial hypertension. 




H3C CH3 o 



Use- For the treatment of metaboUc disorders, insulin resistance syndrome, reduced sensitivity to insulin 
Slip^dafr^r^^ 2 diabetes mellitus. hyperglycaemia. hyperinsulinaemia. arterial hyp^nston and abdominal 

^^^0 001^50 mg orally. Administration is also topical, vaginal, rectal, parenteral, sublingual, buccal, 
intravenous, subcutaneous, intramuscular or by inhalation or infusion. 
Advantage : None given 

BioloeicalData: No suitable data given. . ^ 

CheHiistrv iAcrystalUne 3- {4-[2-(4-tert-butoxycart)onylaminophenyl)ethoxylphenyl } -(S)-2-ethoxy propanoic 

acid (I) or a salt or solvate of (I) are claimed. 

21 pages Drawings 0/0 



Authors: Boije M; Horvath K; Inghardt T 
Publication Date: 07 June 2001 
Language: English 
Priority: 03 April 2000 SE-001187 



Location: SoderjaUe. Sweden 
Document Number: WO200140171-A1 
Filed: 29 NovembCT 2000 as SE2384 
Designated States: Regional: AT BE CH CY DE DKES 
FI FR GB GR IE IT LU MC NL FT SE (ARIPO) 
(Eurasian) (OAPI) NaUonal: AE AG AL AM AT AU AZ 
B A BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG 
KP KR KZ LC LK LR LS LT LU LV MD MG MK MN 
MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ 
TM TR TT UA UG US UZ VN YU ZA ZW 



